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Roller-Compacte ncrete
North Lock Wall at McAlpine
Locks

Background

A new lock is to be constructed at the McAlpine Locks on the Ohio River at
Louisviile, KY. The new lock chamber will be defined by rock-founded, gravity,
earth-retaining monoliths. The design of these new lock walls was compieted by

s\ Portland District personnel. One of the alternatives is to construct
rol m

the walls using roller-compacted concrete (RCC) with a concrete facing, with the
culverts located in the floor of the lock chamber. The objective of this study was 0
assess the soil-to-structure-to-foundation interactions of a typical RCC lock wall
two-dimensional (2-D) section.

This report describes the results of
using the backfill placement method of analysis incorporated in the finite element
computer program SOILSTRUCT-ALPHA. SOILSTRUCT is used to understand
the sometimes complex interactions among the lock, the backfill, and the founda-
tion rock strata. The ALPHA version of SOILSTRUCT (Ebeling, Duncan, and
Clough 1990) has been developed to analyze gravity lock walls like the McAlpine
lock walls.

Soil-Structure-Foundation Interaction Analysis
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The north wall of the new RCC McAlpine Lock is shown in Figure 1.
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elevation is at el 383 in the complete SSI analysis. The section analyzed is
representative of the north wall of the new lock at station 25+00. The complete 2-D
section modeled in the analysis is shown in Figure 2. The section includes two of

the existing lock walls, the existing backfill and shalc foundation between these two
locks, and a significant portion of the limestone foundation. The 2-D section was
terminated at the center line of the existing McAlpine Lock and the center line of the
new lock.

One of the earliest successtul appncauons of soil-structure interaction analysis
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results computed using the finite clemcnt mcthod and those blamed Lhrouzh
instrumentation measurements is obtained when the actual construction process is
simulated as closely as possible in the analysis. During their study, Clough and
Duncan developed what is referred to as a backfill placement analysis in which the
loads exerted by the backfill on the lock wall are generated automatically during
simulated placement of backfill behind the wall (i.e., predetermined earth pressure
force distributions between the soil and the lock are nor specified). This requires
that the soil backfill and foundation soil strata be included in the finite element
mesh. This procedure involved the use of incremental finite element analysis with
nonlinear, stress-dependent, stress-strain behavior for the soil. Linear elastic
behavior was assumed for the concrete lock wall. An additional requirement is that
interface elements Oe mcorporalca within the finite elemem mesh to allow for
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OCCn SUCCESSsiully app:ica 10 a varicty Oi €arin rétaining suruciures. An CXiCisive
datahace of ctrenoth and hvnerhaolic strecs-ctrain narameters (usine data obtained
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from consolidated-drained triaxial tests on a variety of soils) has also evolved
because of the extensive n.u_m_b r of applications of this family of numerical

u n ng practice (se ’dlSCUS‘SIOH in Ebeling and Mosher 1996).
An updated version of SOESTRUCT referred to as SOILSTRUCT-ALPHA, is
used in this study.

' All elevations (el) cited herein are in feet referenced to the National Geodetic Vertical Datum.
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Analysis Description

SOILSTRUCT-ALPHA (Ebeling, Duncan, and Clough 1990) is a special-
purpose, finite element program for 2-D, plane strain analysis of soil-structure
interaction problems. SOILSTRUCT calculates displacements and stresses
resulting from incremental construction, backfilling, excavation, dewatering, rising
water table, and/or load application. Nonlinear, stress-path-dependent, stress-strain
behavior of the backfill was approximated in the finite element analysis using the
tangent modulus method. In the tangent modulus method, new values of tangent
moduli are assigned to each soil element at each increment of loading (i.c.,
dewatering, lock construction, and backfilling) or unloading (i.e., excavation, rising
water table). The modulus values assigned to each element are adjusted in
accordance with their stresses to simulate nonlinear behavior.

SOILSTRUCT was expanded during the U.S. Corps of Engineers’ first Repair,
Evaluation, Maintenance, and Rehabilitation (REMR) Research Program to model
the loss of contact between the base of a wall (a lock in this case) and its rock
foundation using a procedure called the ALPHA method (Ebeling, Duncan, and
Clough 1990; Ebeling et al. 1992). The ALPHA method was extended to soil
elements by Regalado, Duncan, and Clough (1992) to reduce numerical inaccuracies
in soil elements that are at or near failure.

Another enhancement contained within this version of SOILSTRUCT is the
reintroduction of the hyperbolic shear-stress displacement relationship for the
interface element. Although present in the original version of SOILSTRUCT
(Clough and Duncan 1969), this nonlinear relationship was missing from the
version of computer code in which the alpha method was incorporated.

The continua elements used to model the soil and the soil-to-structure interface
elements which may have failed in shear at one stage of loading have the ability to
recover their shear stiffness and shearing resistance as a result of an increase in
confining pressures at some later stage of loading in this version of SOILSTRUCT-
ALPHA. Several other improvements have been made to the material models and to
the numerical procedures implemented within SOILSTRUCT-ALPHA based on
experience gained at the U.S. Army Engineer Waterways Experiment Station (WES)
in conducting SSI analyses of different types of Corps structures.

In summary, the ALPHA version of SOILSTRUCT used on this project contains
numerous improvements to the analytical procedures used for modeling various
aspects of features impacting the SSI of lock walls. Several of these features are
deemed by the authors of this report to be critical to an accurate assessment of the
SSI of the north wall section of the new McAlpine Lock.

Soil-Structure-Foundation Interaction Analysis



Dlacement to support construction eqmpment. Thls staged (mcremental)
construction proceeds until the final elevations (Figure 3) are reached on the new
lock and backfill. Incremental construction of the RCC and placement of the
backfill behind the wall is staggered by one lift in the SOILSTRUCT-ALPHA
incremental construction/backfill placement analysis. This altered construction
schedule in the analysis results in a “stiffer”” layer of RCC elements being in
place, adjacent to the newly placed layer of soil. Thus, the conditions in the field
are modeled in the finite element analysis. The stages of loading used in the
SOILSTRUCT-ALPHA analysis afe described in the following paragraphs.

The complct SSI of the north walii of the new McAlpine Lock cross section
{Figure 2) 1s modeied in three phases. The first phase of the analysis iniroduces
P T Alis L abin oloaie Vool e d aeicbioem L al €211 6 sl abnla aed
UIC SCII-WCIEIIL U1 UIC CAISUILIE 10CKD alil CAISLHIE UACAILLL U 1T >d11a1C ailu
livnactana fritndatinn Thic 10 annAamnlichad wicing tha ogravity tirn_An Antinn 1n
HHIUIWUHIV 1VULIUALIVLL. LD 1D ALLULNIPLIISHIVAUL USLLE WiV FlaVIly LUliITuULL UpLUvilL 1
CNIT CTRITCT_AT P nrinr ta ~ranctrmictinn Af the naw lark and nlacement nf
MINTALAT A ANNS N A LI AAsl AALDY yll\ll TV VURMOM UWLIVLAL Vi WiV LIV TV AUWD. il ylu\;vnnnv;nt A
new backfill. This initial phase is illustrated in Figure 4a for load case “1.”” The
second phase models the incremental construction of the RCC lock wall and the

incremental placement of the (moist) backfill behind the wall. The third phase
the SSI analysis models the postconstruction, partial submergence of the site.
Table 1 lists the initial stage of loading and each of the subsequent 38 stages of
loading in the SSI analysis of the north wall section of the new McAlpine Lock.

The incremental construction of the RCC lock wall is modeled in the first
24 load cases (following the gravity turn-on analysis), with the incremental
placement of the moist backfill during 22 of these load increments. Figure 3
shows the thickness of the layers of RCC and backfill that are used in this second
phase of the analysis. The thickness of the layers range from 1.5 ft (0.46 m) thick
at the bottom to 35 ft (1.5 m) thick at the top. Placement of the first 1.5-ft-
(0.46-m) thick layer of RCC of the new lock wall precedes the piacement

L S ol & N4 LNINYY T Y Y v A Y TAYT A I |

first 1ayer of backfiii in the SOILSTRUCT-ALPHA ana1y51s labeied ioad case 1

U SJNE I DU D | LT LA [ o) WU | RNGRIPE SR oSN [, Vol o VoV o RPUSER TPRPRY o/ i | Rty
l 1 1aoi€ 1 anda ]rl lgurc 4d. 111S allOWS UIC 1115l ldyCI Ol "L 0 surien prior
PURIPC T DT JC R EUNSIIRE ISR 17>~ § I SUSUIUILSIPC S TN Tha cnrmnd land
LU UIC plaCCHICIIL U1 UIC aUjaCCill DACRILill 1ayCl 111 UIT dlldly>1>. 11T 3TLUIIU 1vau
anon smmndals mlanammant ~F tha fiect 1 &_Ft_thinly lawar ~Af mnatet hanl-fill lahalad 1anAd
Casc mioacis pilaceiniciit 01 Und 1irSt 1.5-1t-uiiCK 1aYCr O1 MiGiSt 0alxiiiy, 1a0CiCa 10ad
raca D in Tahla 1 and chawn in Rioura Ana Thoe cannnd “cnft” 1 S_ft_ () AG-.m)
VAdL L ill 1 AQuUiL 1 AQlliu DIIVUVYLL 111 1 lsul\/ ra. 4 LIV OVA VLI, [SAVI NS 4.0 \V.TTU ARy
thirlk lavar af RO ic alen nlacad tn el 372 in load cace 2 ta exnedite the analveic
CALANA IV lu!\dl WA ANNC NV A0 alov y‘u\(\lu WU Wi T AL AV WU W e v vnrvu-\-v A AW \‘AluAJ A
{and withont comnramicine accuracv)  Incremental canstruction of the next laver
lang without compromising accuracy). incréemen tal constnuction Of the next laver
of “softer” RCC laver precedes the placement of the next layer of backfill by one
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ence of the site and is accomplished using SOILSTRUCT-ALPHA in 14 load
cases. The water table in the existing and new lock chambers is raised
incrementally to el 383, and the water table in the new backfill is raised
incrementally to el 395 (listed as load cases 25 through 38 in Table 1). A
hydrostatic water table is assumed for the backfill in all load cases. Loadings
consist of buoyancy forces acting within the newly placed backfill and boundary
water pressures acting normal to both faces and base of the new RCC lock, the
limestone foundation, and the faces of the two existing lock walls. A linear
(uplift) pore water pressure distribution is applied along the new RCC lock-to-
Iimestone foundation interface, with the uplift (pressure) heads set equal to 13 ft
{3.96 m) beiow the toe and 25 ft (7.6 m) beiow the heel of the wali.

The third phase of SSI analysis models the postconstruction, partial submerg-

Ciciien An chmiure tha dmnresmmantal ciihoarapnng ~f tha Lo AL £acland ancas NE

CIZUIC 40 SII0WDS UIC 1HCICINICI SUbD llCrgC 1CC Ol UIC DACKILIL 101 1040 CAdCd L0
and 76 and fAar tha fin A raca Anf2Q Tha ;martial annhmarcan nf tha gita ¢
and <0 ana ior uié G Case O1 56. 111 pdriidil SUoinergence o1 uif 81k 18

=
[«
[«%

>
OO
o)
»>
o]

<3
e
=
(€]
I
[
]
-]
e}
=
=8
Q
g
£
3
(3]
<

ALPH/ no for s d backfill an
application of boundary water pressures along the faces of impermeable materials
(i.e., all locks and the foundation). The buoyancy loads acting on the submerged

soil elements are applied using the SEEP option in SOILSTRUCT. This
subroutine is modified for this analysis to account for the difference between the
submerged and moist unit weights for the soil. The water table is raised in the
newly placed backfill in the last 14 load increments (Table 1). Water pressures
acting normal to both faces and base of the new RCC lock, the limestone
foundation, and the faces of the two existing lock walls are applied incrementally
in load cases 32, 35, and 38, as shown in Figure 5. The interface elements used
to model the RCC lock-to-limestone interface allow for the application of pore
water pressures directed upward along the base of the new RCC lock and
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Figure 6 shows the finite element mesh of the Figure 2 cross section of the
north wall of the new lock. The mesh comprises 3,784 nodal points and
3,634 continua and 162 interface elements. Of the 3,634 continua elements,
468 model new RCC lock and concrete facing, 2,154 model the limestone and
shale foundation, and 550 model the new backfill. The remaining 462 continua
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Figure 5. Incremental boundary water pressures applied in three load cases
(0.305m = 1 1t)
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ce, 25 model the limestone-to- cw backfill in rface 22 model

backfill interface, and 22 model Lhe ex1stm2 lock-to-
new . n.y-si,x of the remaining mterface elements are in the
llmestone foundatlon alo o vertical planes, each extending through the
limestone foundation from the heel of the new RCC lock wall and from the
existing lock wall, respectively. These 46 interface elements are “locked”
together with the assignment of high normal and shear stiffnesses. The remaining
17 interface elements extend along el 370 from the front face of the existing
center lock wall, to the culvert of the existing, operational lock wall and are
locked together with high normal and shear stiffnesses.
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maxxal test data are unavailable for the backﬁll Materlal parameters are assigned
in the finite element analysis based on empirical correlations to the results for
similar types of soils (and with the same density) for which hyperbolic stress-
strain curve material parameters are available (e.g., Duncan et al. 1978). An
additional requirement for the soil model was that the assigned soil properties
correspond to an at-rest earth pressure coefficient K, equal to 0.44, based on the
Jaky equation for K, [=1 - sin ¢'] with ¢' equal to 34 deg. Appendix A describes
the calculations made that result in the assignment of values for the hyperbolic
stress-strain soil model of the backfill given in Tabie 3. These calculations

T DIYA L IE Lo

inciude a settiement analysis made using SOILSTRUCT-ALPHA of a 55-ft-
(16.76-m) high, one-dimensional (1-D) soil column due to self-weight of the

s and with the same density) for which hvnerbollc stress-strain curve matenal
parameters are available (e.g., Clough and Duncan 1969, and Peterson et al.
1976). Table 4 summarizes the interface model and strength parameters assigned
to the RCC lock-to-limestone foundation. Zero tensile strength is assumed for the
material comprising the RCC lock-to-limestone foundation interface in this
analysis. Table 5 summarizes the material properties assigned to the interfaces
between the RCC-to-backfill, the limestone-to-backfill, and the existing lock wall
concrete-to-backfill regions.
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Table 2

Elastic Material Properties for 2-D Elements Comprising
SOILSTRUCT-ALPHA Finite Element Model of New RCC McAlpine
Lock (0.517 kN/m® = 1 pcf, 6.894 psi = 1 kPa)

Material Type Unit Weight, pcf E, psi v

RCC 150 2,000,000 0.21

Concrete Face 145 3,400,000 0.15

Existing Concrete 145 3,400,000 0.15

Limestone - 5,000,000 0.25

Shale 7 - 3,000,000 0.25

During the postconstruction partial submergcnce of the backfiii to el 395

(identified as load cases 25 through 38 in Table 1), the buoyancy forces act
upward, unloading the backfill. This resulis in a reversal in the direction of the

applied shear stress increment or, equivalently, unloading of both the new RCC
lock-to-backfill interface elements and the existing lock concrete-to-backfill
interface elements. Interface tests reported in Peterson et al. (1976) show that the
interface elements follow a steeper shear stress versus relative shear displacement
curve than that described by the “primary” hyperbolic loading curve (the tangent

shear stiffness k,, = k [1 - R,SL}? ). To model this behavior, the interface model
parameter Ry is set equal to zero for these interface elements during unloading.
This eliminates the “shear softening” while maintaining the influence of the
effective normal stress on the value of the tangent shear stiffness k, by means of
the term k; (Table 4). This concept is discussed further in Appendix B.

Following the gravity turn-on analysis, the incremental construction of the
RCC lock wall and placement of moist backfill is modeled in the first 24 load
cases for the finite element model of the McAlpine lock shown in Figure 6. This
is followed by the postconstruction, partial submergence of the site in 14 load

cases. The results of this compiete SSI analysis follow.

i I oA ab N YDA | P WL | Ry P
Effective normal and shear stress distributions
L 1]
computed at base of new lock wall
Figures 7 and 8 show the resulting effective normal and shear stress distribu-
tions along the RCC lock-to-limestone interface after construction of the new lock
and backfilling to el 425 (load case 24). Both effective normal and shear

Soii-Structure-Foundation interaction Analysis
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Table 3 . 1
Hyperbolic Stress-Strain and Strength Parameters for Engineered Backnill l
(0.157 KN/m*® = 1 pcf, 47.88 Pa = 1 psf)
Strength
Parameters Hyperbolic Parameters
Unit Weight,
Backfill pst c’, psf ¢’, deg K., K n Kor Ky m Voom R
Moist 126 0 34 0.44 500 0.5 1000 175 0.5 0.025 Q.7
Granular
Backfill
Submerged 130 0 34 0.44 | 500 05 1000 | 175 | 05 0.025 |07
Granular
Backfill
Note:
K, by Jaky = 1 - sin ¢’
Tangent Modulus, E, = E; (1 - R, SL ?
(&)
Inital Modulus, E; = K P, | = |
D
\ ")
Stress Level, SL = (0, - 03 ) / ( O, - O3 Draire
2ccos ¢ + 20, sind
{ 0y - 03 )raime = .
i-sin¢
o R - A
Unload Reload Modulus, E g = Ky P, \ — J
E
Bulk Modulus, B =
3-6v,,)
(o, |7
Bulk Modulus, B = Ky P,| —
s el B
Voom = INOMinal value of Poisson's ratic
nom
] . 1
Poissor's ratio,v=—zﬂ1 [(1 "2V ) (1 RFSL)z]]
P, = atmospheric pressure
computed below the toe of the new RCC lock (x = 0 {t) because the greatest con-
crete mass is concentrated above this region and because of the overturning momeiit
about the toe resulting from the 55 ft (16.76 m) of backfill. The effective normal
Soil-Structure-Foundation Interaction Analysis 19
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Table 4

Material Properties for the RCC-to-Limestone Interface Elements
of the SOILSTRUCT-ALPHA Finite Element Model of McAlpine
Lock (47.88 Pa = 1 psf, 1 MPa/m = 3.684 psi/in., 1 MPa/m =
6,365.9 psf/it)

Strength Parameters Stiffness Parameters
Interface Region c', psf ¢', deg k,, psifin. K,, psi/ft
RCC-to-Limestone 2300 41 10,000 1.0x10°

where A, is the average relative displacement normal to the interface element. The shear stress at
the center of the interface element is given by

T, =k A
s s TS

where A, is the average relative shear displacement along the interface element.

effective normal stress below the heel of the new RCC lock (x = 47 ft) is equal to
1,626 psf (7,939 kg/m®). Flooding of the lock chamber to el 383 and partial
submergence of the backfill to el 395 (load case 38) reduce the effective normal
stresses and increase the shear stresses along the base, as shown in Figures 7 and
8. The ettecuve normal stress below the heel of the new RCC lock is reduced to
0 psf (kg/m?); however, full base area contact is maintained.

Figures 9 and 10 show the variation of horizontal effective stress o', and shear
stress T,, with clcvauo.. along a vertical plane extending through the backfill from
the heel of the new RCC lock wall (x = 47 ft (14.33 m)) after backfilling to el 425
(load case 24 i Table 1). This section is designated as section A-A (see
Figure 11) throughout this report. As anticipated, these figures show the resulting

effective horizontal and shear stress distributions to increase with depth below
the surface of the backfill.

The resultant horizontal effective force of the Figure 9 distribution of o', , F,,
1s equal to 83,367 Ib per ft run of wall (1,216.7 kN per m) and acts at el 390.28
(= 0.37Hgqeimu) along section A-A. The horizontal earth pressure coefficient K, is
computed along section A-A using the relationship

/
x

Effective Overburden (1)

r
I

Soil-Structure-Foundation Interaction Analysis



Table 5

Material Properties for Interface Elements Comprising
SOILSTRUCT-ALPHA Finite Element Model of RCC McAlipine
Lock for Backfill Placement Analysis (1 MPa/m = 6,365.9 psf/ft)

Normal
Hyperbolic Parameters Stiffness
Interface Region ¢', deg K n Ry K., psffft
RCC-to-Backfill 34 1.0 x 10* 0.8 0.9 1.0x 10°
Concrete-to-Backfill 34 1.0x 10° 0.8 0.9 1.0x 108
Limestone-to-Backill 34 1.0x 10* 0.8 0.9 1.0x 10°

Equations for the Interface Model
The normal stress at the center of the interface element is given by
oﬂ = kn AIl

where A, is the average relative displacement normal to the interface element. For each load
increment, the change in shear stress at the center of the interface element is given by

AT, = k, A,
where A, is the average change relative shear displacement along the interface element.

ky = k

i

(1-R,SL )

n
kg

"
X

v|a.

j Yw

SL, = T/ Teyus = T/(0,tan d,)

Y. = unit weight of water P, = atmospheric pressure

where the Effective Overburden is defined as

. El425 /
Effective Overburden = f O pverburden AY (2)
El 370

In the case of a 55-ft- (16.76-m) high column of moist backfill with vy, equal to
126 pef (2,018.3 kg/m’), Equation 2 for the Effective Overburden becomes

Effective Overburden = — ¥y, ., (H)* (3)

Soil-Structure-Foundation Interaction Analysis
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Figure 7. Effective normal stress distributions along the base of new RCC lock wall (0.305 m = 1 ft,
47.88 Pa = 1 psf)
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N

and is equal to 190,575 Ib per ft run of wall (2,781.2 kN per m). The value for K,
after backfilling to el 425 is equal to 0.437 by Equation 1.

Calculation of the resultant horizontal effective force F, of the resulting
distributions of o', with elevation in the backfill is made after backfilling to el 425
for two other vcmcal sections. Figure 11 shows the locations of the three sections
used in the summary of the results. The two additional sections are designated as
bCCllOﬂ B-B at x =74.5 ft (22.7 m), and section C-C at x = 100.9 ft (30.75 m).

ble 6 summarizes the resuits of caiculations made to determine the

n Analveie
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resultant horizontal effective force F| and horizontal earth pressure coefficient K, at
sections A-A, B-B, and C-C. The table shows the resultant horizontal effective
force F, for these two distributions of o', (not shown) result in values of F, equal to
83,520 Ib per ft run of wall (1,218.9 kN per m) (section B-B) and 71,198 1b per ft
run of wall (1,039.1 kN per m) (section C-C). Figure 11 also shows the variation in
horizontal earth pressure coefficient K, , within distance from the back of the new
RCC lock wall for the three sections. Figure 11 shows the values for K, equals
0.437 adjacent to the new RCC lock wall (section A-A, 0.438 at section B-B, and
0.374 adjacent to the existing lock wall (section C-C).

N
w

Soil-Structure-Foundation Interaction Analysis
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Figure 9. Horizontal effective stress distributions along section A-A after backfilling to el 425 (0.305 m =

24

1ft,47.88 Pa = 1 psf)

Note that the values for K, at sections A-A and B-B are just slightly less than 0.44,
the value for K, from the 1-D soil column settlement analysis reported in Appendix
A. Recall that the conditions corresponding to a K_ stress state within the soil exist
in a region of constrained, uniform settlement. The value of K, at section C-C is 18
percent less than the K| value because of the influence of the large vertical shear
force acting along this plane (to be discussed subsequently) resulting from the
presence of the existing concrete lock wall at x = 102 ft (31.09 m).

The resultant vertical shear force of the Figure 10 distribution of T,y Fy, is equal
to 11,416 Ib per ft run of wall (166.6 kN per m) along section A-A. The

Soil-Structure-Foundation Interaction Analysis
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vertical earth nreccure coefficient K ic comnuted alono section A-A usine the
veruca: cartn pressure Cociiiciont K 1s Compuled a:ong seciion A using tne
relationshin
....... P
K, = it
v Effortive Ouerburden (4)
Ljjectve Uverouraen

where the Effective Overburden is equal to 190,575 1b per ft run of wall
(2,781.2 kN per m) by Equation 3. The value for K, after backfilling to el 425 is
equal to 0.06 by Equation 4.
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Table 6

Summary of SOILSTRUCT-ALPHA Results After Backfilling New
RCC McAlpine Lock to el 425 (14.594 N per m = 1 Ib per ft run of
wall)

Effective Overburden, F., Ib per ft Fy, Ib per ft
Section ib per ft run of waii run of wali run of wali K, K,
A-A 190,575 83,367 11,416 0.437 0.060
B-B8 190,575 83,520 -4,990 0.438 -0.026
Cc-C 190,575 71,198 -34,869 0.374 -0.183

Calculation of the resultant vertical shear force F, from the resulting distribu-
tions of t,, with elevation is made after backfilling to el 425 for sections B-B and
C-C. Table 6 summarizes the results of calculations made to determine the
resuitant vertical shear force F, and vertical earth pressure coefficient K, at
sections A-A, B-B, and C-C. The tabie shows that the resuitant vertical shear

force, F, , for these two distributions of t,, (not shown) result in values of F,
equal to 4,990 Ib per ft run of wall (72.8 kl‘V per m) {(section B-B) and 34,869 ib
per ft run of wall (508.9 kN per m) (section C-C). Figure 12 shows the variation
in vertical earth pressure coefficient K,, within distance from the back of the new
RCC lock wall for the three sections. Figure 12 shows the values for K, equal
0.06 adjacent to the new RCC lock wall (section A-A), 0.026 at section B-B, and
0.183 adjacent to the xisting lock wall (section C-C). The values for K, for

sections B-B and C-C are plotted as negative values to note that the
corresponding vertical shear forces at these sections act counter to the direction of
F, along section A-A, as shown in the three diagrams in Figure 12. Note that had
there been no differential settlement across a vertical section in the backfill, F,
and K, would be equal to 0. (This is the case for the settlement of the Appendix
A 1-D soil column due to self-weight.) F, and K, are nonzero at the three sections
because of the close proximity of the two shear faces furnished by the new RCC
lock and the existing lock walls.

Table 7 summarizes the resuitant forces and their points of application on the
L LoV arlalh] 1 ot L

free body of the new RCC lock wall shown in Figure 13 after backfiliing to
el 425. These resultant forces and their points of apphcauon are compu[ i by
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h O
-
>

[
7]
(47
[}
= O E

(o
£
o
~
=
-
T

3

®,
D
=
D
3
=4
Vel
¥
)
3
o
[+X]
bd
(4]
5
(4]
(on
I
wn
o
]
=
-
-
[¢]
=
a

£

s of apnlicatio
applicatio

—

their nmn

a
along the two planes defined by the two groups of interface elements because
the analytical formulation used to define the interface elements in SOILSTRUCT-
ALPHA. The Table 7 results show that the amount of shear (or “downdrag”)

along the back of the new RCC lock wall is significant and corresponding to a

mobilized angle of interface friction 8,,, equal to 25.28 deg.
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Table 7

El 425 (14.594 N

per m = 1 |b per ft run of wall, 0.305 m = 1 ft)

Summary of SOILSTRUCT-ALPHA Results After Backfilling New RCC McAlpine Lock to

Load F,,1b per ft
Case [¢)

Lase run

-

, Ib per ft

1 A f wall
Uil Us wes

6-»001

s F-Yel
uey

F,, Ib per ft run

of wall ten/L

Yer/ an’L

24

21.96 0.34 83,003

140,661 25.28

17.98

Note:

where B=47ft L=65.19ft, and tan (&,,) = —

T
£
=
17
—
5N
pS
]
-
—_
N
)
=2
Q

s 14 and 15 sh al effective stress o', and shear
stress T, with elevation along section A-A after backfilling to el 425 and after
partial submergence of the backfill to el 395 (load cases 24 and 38, respectively).
As anticipated, these figures show that the resulting effective horizontal and shear
stress distributions increase with depth below the surface of the backfill. Figure 14
shows that the magnitude of the values of o', below el 395 decreases with the partial
submergence of the site. Figure 15 shows that the magnitude of the values of T,
decreases with the partial submergence of the sit¢. During postconstruction, after
partial submergence of the backfill to el 395, the buoyancy forces act upward,
thereby unloading the backfill. This also resuits in a reversal in shear stress
increment.

w the variation of horizont

sultant horizontal e

)

=

[<9 cn
7]
=

3
>
1

Y
Q
T E} Q
P 5 >
53
g2
a E

(@]
®
- B

8

D

3

-

i

~~ O
—

o

<€
=G
=
=3

&
o

A

S 53
®]

]

3

3

=

=¥

U
N
]
=l
'

[+
4] 4§
|
g E
B
<5° (pm—t
(F8]
w P=)
<
(@]
-
7~
N
o !
o0
[\
o
ot
=)
w
-

verburde

g
8
=
S
3
)
g
.,
S',
o
m
g
S
<
(4]
o &

D, = the thickness of backfill above the hydrostatic water table = 30 ft (9 m)

o,

D, = the thickness of submerged backfiii above the base of the wali = 25 ft
(7.6 m)
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Figure 13. Planes along surfaces of the new RCC lock on which resultant
forces are computed after backfill is placed to el 425 (0.305 m =1 ft)

and is equal to 172,325 1b per ft run of wall (2,514.9 kN per m). The value for K,,
after partial submergence of the backfill to el 395 is equal to 0.459 by Equation 1.

Calculation of the resultant horizontal effective force F, of the resulting
distributions of o', with elevation in the backfill is made after partial sub-
mergence of the backfill to el 395 for sections B-B and C-C. Table 8 summarizes
the results of calculations made to determine the resultant horizontal effective
force F, and horizontal.earth pressure coefficient K, at sections A-A, B-B, and
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Horizontai effective stress distributions along section A-A (0.305 m = 1 ft, 47.88 Pa = 1 psf)

C-C. Tt hle shows the resultant horizontal effective force F, for these two
distributions of o', (not shown) result in values of F, equal to 79,022 1b per ft run
of wall ( 53 2 kN per m) (section B-B) and 68,475 1b pcr ft run of wall

(999.3 KN per m) (section C-C). Figure 16 shows the variation in horizontal earth

pressure coefficient K, , with distance from the back of th e new RCC lock wall
for the three sections. Fxgure 16 shows the values for K, equals 0.459 adjacent to
the new RCC lock wall (section A-A), 0.459 at section B-B, and 0.397 adjacent
to the existing lock wall (section C-C). The values for K, after partial
submergence of the backfill to el 395 (Figure 16) are greater than the values for
K, after backfilling to el 425 (Figure 11) as a result of the “unloading” of the soil

during submergence.
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Figure 15. Shear stress distributions along section A-A (0.305 m = 1 ft, 47.88 Pa = 1 psf)

The resultant vcmcal shear force of the Figure 15 distribution of Toy

, 18

equal to 6,775 b per ft run of wall (98.9 kN per m) along section A- A. The vertical
earth pressure coefficient K, is computed along section A-A using Equation 4 with
the Effective Overburden equal to 172,325 Ib per ft run of wall (2,514.9 kN per m)
by Equation 5. The value for K, after partial submergence of the backfill to el 395

is equal to 0.039 by Equation 4.

Caicuiation of the resultant vertical shear force F, of the resulting distribu-tions
with elevation in the backfiil is made after partial submergence of the backfill

f\l Loee o 7

0 e' 5 for seciions B-B (x =74.5 fi (22.

-

7 m)) and section C-C (x =
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| Table 8
Summary of SOILSTRUCT-ALPHA Results After Backfilling New RCC McAlpine Lock
to El 425 and After Submergence to EI 395 (14.594 N per m = 1 Ib per ft run of wall)

Effective Overburden, Ib F.', Ib per ft run of F,, Ib per ft
section per ft run of waii waii run of wall Ky K,

xb

»
>

172,325 79,102 6,775 0.459 0.039

jos)
o

1792
i &

&)

25 79,022 -4 241 0.459 -0.025

VVVVVVVVVVVVVVVVVVV

Qo
o

172,325 68,475 -25,389 0.397 -0.147 |

100.9 ft (30.75 m)), with the results summarized in Table 8. The table shows the
resultant vertical shear force F, for these two distributions of t,, (not shown)
result in values of F, equal to 4,241 (section B-B) and 25,389 (section C-C).
Figure 17 shows the variation in vertical earth pressure coefficient K, , within
distance from the back of the new RCC lock wall for the three sections. Figure
17 shows the values for K, equal 0.039 adjacent to the new RCC lock wall
(section A-A), 0.025 at section B-B, and 0.147 adjacent to the existing lock wall
(section C-C). The values for K, after partial submergence of the backfill to el
395 (Figure 17) are less than the values for K, after backfilling to el 425

(Figure 12). This behavior is a result of the buoyancy forces acting upward,
thereby unioading the backfill and reversing the direction of the appiicd shear

stresses (as comparea to their direction aurmg Dacnmumg) along the faces of the

PSS R

new I\L,\_, dIl(.l CleUIlg lULK Wdllb

The Table 9 results show that the shear force F, along the back of the new RCC
lock wall is reduced by 16.6 percent with submergence of the backfill to el 395 as
compared to the results in Table 7 (load case 24). The mobilized angle of
interface friction &, is reduced from 25.28 to 23.33 deg with partial submer-
gence of the backfill.

Summary

This report summarizes the results of a complete soil-structure interaction
analysis of the new RCC McAlpine Lock using SOILSTRUCT-ALPHA. The
principal results are as follows:

a. A complete soil-structure interaction analysis of the new RCC McAlpine
Lock results in nonlinear effective normal and shear stress distributions

v,

)

>

)

)

2]

3
W
w



g

Elevation (ft)

C—

C —
N
O
S
Q
(0]
(@]

I I
80 100

0.5 —
, y A__
o T~
> 0.4 |— A
o
_C 47_, Oa3 —
t S
Lo
- 0.2 —
U o
= o
& O
= 0.1 —
O
T
0 | | |
0 25 50
55

Distance from Heel (ft)

120 140

I o
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Table 9
Summary of SOILSTRUCT-ALPHA Results After Backfilling New RCC McAlpine Lock
to El 425 and After Submergence to El 395 (14.594 N per m = 1 Ib per ft run of wall,
0.305 m = 1 t)
For Load Cases 24 and 38
F.,Ibper | F,Ibper T,Ib per | N, Ibper
Load ftrunof | ftrun of [ ftrunof | ftrun of
Case wall wall leofft le/L deg wall wall Xy, ft x/B
24 66,435 140,661 21.96 0.34 25.28 83,003 405,573 17.98 0.38
38 55,404 128,436 23.32 0.36 23.33 93,820 347,902 16.18 0.34
For Load Case 38
Upeeos Ib Upeews ID
per ft Ugom 1D per ft
Load run of Xwes | perftrun run of
Case wall Xuases ft B of wall Ruwoms ft | wall lupacks ft
38 66,435 25.97 0.55 5,272.8 4.33 23,113 9.88
F
where B =471, L = 6519 ft, and tan (5,,, ) = —‘/
F

along the base of the lock at the end of backfilling to el 425, and after
flooding the lock to el 383 and partial submergence of the backfill to
el 395.

b. Full base contact is maintained throughout all (38) stages of loading.
However, the effective normal stress below the heel of the new RCC lock
1s reduced to O (kPa) psf after flooding the lock to el 383 and partial
submergence of the backfill to el 395.

c. Among the results computed in a backfill placement analysis is the
distribution of horizontal effective stress at three vertical sections in the
backfill. At section A-A, the value of the effective horizontal force F, is
computed from the distribution of effective horizontal stress o', along a
vertical plane extending through the backfill from the heel of the wall.
The value for F, is also characterized in terms of the value of the
horizontal earth pressure coefficient K,. The results of the SSI analysis
shows that F, decreases as a result of the submergence of the backfill and
the value of K, increases.

d. The value of K, at section C-C is less than the values of K, at sections
A-A and B-B because of the influence of the large vertical shear force

36
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Figure 18. Planes aiong surfaces of the new RCC iock on which resuitant forces are computed -
submergence to el 395 (0.305m = 1 &)

along this plane, caused by the presence of the existing lock wall. Recall
that section C-C is immediately adjacent to the existing lock wall.

e. The distribution of shear stress at three vertical sections in the backfill is
also computed in a backfill placement analysis. At section A-A, the value of
the vertical shear force F, is computed from the distribution of shear stress
T,y along a vertical plane extending through the backfill from the heel of the
wall. The value for F, is also characterized in terms of the value of the
vertical earth pressure coefficient K,. The results of the SSI analysis shows
that F,, or, equivalently, K, reduces as a result of the submergence of the
backfiil.

Soil-Structure-Foundation Interaction Analysis
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/. This SSI analysis shows that in the case of a postconstruction rise in the
groundwater level in the backfill, a rebound of the soil occurs. This results
in a reduction in effective stress in the backfill and a reduction in the shear
force F,. This also occurred at Red River Lock No. 1 (Ebeling et al. 1993,
or Ebeling and Mosher 1996).

g. During the postconstruction, pariial submergence of the backfill to el 395,
ihe buoyancy forces act upward, unloading the backfill. Thisresultsina
reversal in the direction of the applied shear stress increment or,
equivalently, unloading of both the new RCC lock-to-backfill interface
elements and the existine lock concrete-to-backfill interface elements.

. (1976) show that the interface
clcmems follow a steeper shcar stress versus relative shear displacement
curve than that described by the “primary” hyperbolic loading curve.
Incorporating this type of interface behavior in the SSI analysis of the new
RCC McAlpine Lock wall is important to the accuracy of the computed
results.

h. Appendix B reports on the errors related to using the *softer” primary
hyperbolic curve for the interface elements during partial submergence of
the backfill to el 395 compared to the results from using the more
appropriate “stiffer” shear strcss versus rciative s'near dispiaccment curve.
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There are two major requirements for the assignment of material parameters
in the complete soil-structure interaction analysis of the new roller-compacted
concrete (RCC) McAlpine Lock wall using the backfill placement method that is
incorporated in SOILSTRUCT-ALPHA. One requirement is that the stress-
strain model for the soil representing the backfill be representative of the soil
comprising the backfili. The second requirement is that the material properties

aetl. e nacsa

assigned to the soil used to model the backfill possess an at-rest earth pressiire
coefficient equal to 0.44 (from Jaky's relationship for K, (= 1 - sin §') with ¢'
equal to 34 deg). Calculations described in this appendix are used in the
assignment of the value of the nominal Poisson's ratio for soil.

]
—y
5
[¢]

Th e \arizes the result e backfill plac ment analysis of the
moist one-dimensional (1-D) soil column shown in Figure Al. Settlement of the
soil column resulted from self-weight. Calculations are made using
SOILSTRUCT-ALPHA.

This appendix summarizes the results

Site-specific triaxial test data were unavailable for the new RCC lock wall
backfill. Material parameters are assigned in the finite element analysis based on
empirical correlations to the results for similar types of soils (and with the same
density) for which hyperbolic stress-strain curve material parameters are avail-
able (e.g., Duncan et al. 1978%). The values listed in Table Al are the resuit of
the evaluation made for this project.

' References cited in this appendix are listed in the References at the end of the main text.

Appendix A Backfill Placement Analysis of Moist One-Dimensional Soil Column A1
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Table A1

Hyperbolic Stress-Strain and Strength Parameters for Moist Backfill (0.157 kN/m’ = 1
pcf, 47.88 Pa = 1 psf)

Backdfill

Unit
Weight, pct

Strength
Parameters

c’, psf

¢', deg

Hyperbolic Parameters

Kur

Ks

Re

Moist
Granular
Backfill

126

0

34

0.44

500

0.5

1,000

175

0.5

0.025

0.7

Note:

K, by Jaky

Initial Modulus, E, = K P.[

(04 - 9 )rature =

Bulk Modulus, B =

Bulk Modulus, B = Kg P,

=1 - sin¢’

Oy

/ n

Stress Level, SL = (o0, -0, )/ (o0, -

Tangent Modulus, E, = E, (1 - R; SL )?

93 )raiure

2c’cos ¢ +2 a;sind

1 -

Unload-Reload Modulus, E, g,

E

P, = atmospheric pressure

!
O,

2)

sin ¢

= KUR Pl

(3 -6 Vpom)

Vnom = Nominal value of Poisson’s ratio

)

Poisson's ratio, v =%[1 ~[(1 - 2 Voo ) (1 - ReSLY ]

The backfill placement analysis of this 1-D column will serve as the model for a

K, stress-state. The computed results are used to establish that the value assigned
to the nominal Poisson's ratio in the SOILSTRUCT-ALPHA analysis is consistent
with K, equal to 0.44.

Appendix A Backfill Placement Analysis of Moist One-Dimensional Soil Column

A3



A4

Figure Al shows the SOILSTRUCT-ALPHA finite element model of the 1-D
soil column used in this appendix. The moist soil column is 55 ft (16.76 m) high.
Water pressures are assumed equal to zero at the time of backfilling to elevation
425." These two assumptions are consistent with the initial load cases of the
backfill placement analysis of the new RCC McAlpine lock wall, described in the
main body of the report. The finite element mesh for the soil column comprises
22 soil layers. They range in thickness from 1.5 ft (0.46 m) thick at the base to 5
ft (1.5 m) thick at the top of the column. The elevations of the nodes defining the
soil elements in this ﬁgure were the same elevations as the nodes defining the
new backfill in Figure 6 (see main text). Interface elements of approximately zero
shear stiffness and very large normal stiffness are included along the vertical
faces of the mesh shown in Figure A1l to take advantage of the postprocessing
capability within SOILSTRUCT-ALPHA. SOILSTRUCT-ALPHA computes the

th t f lirats
horizontal and vertical resultant forces and their points of application (elevation)

along specified regions of interface elements using the normal and shear stress
data. The pair of 22 interface element columns delineate a single region within
the backfill in this backfill placement analysis. These results expedite the
calculation of the horizontal earth pressure coefficient K, (equivalent to an at-res

coefficient K, in the 1-D soil column) for the finite element analysis of the soil
column.

Total (moist) unit weight equal to 126 pcf (2,018.32 kg/cm®) is assigned to the
soil. Material properties assigned to the hyperbolic stress-strain relationship for
the soil elements are given in Table Al. The values for the parameters listed in
this table are typical of dense, granular backfill. The material properties assigned
to the interface elements are given in Table A2.

The backfill placement analysis of the Figure A1 soil column is conducted in.
22 lifts or, equivalently, 22 load increments using SOILSTRUCT-ALPHA. The
distributions of horizontal effective stress and vertical effective stress with
eievation computed within the soil elements after placement of the final (22nd)
lift are not shown. The shear stress t,, equals zero in all soil elements. The
integral over the height of the soil column of the horizontal effective stresses o', ,
is equal to the horizontal effective force F,. The horizontal effective force F,,

..... ha narmal affective ctraccec withi
computed by SOILSTRUCT-ALPHA using the normal effective stresses within

the interface elements, equals 84,038 b per ft of width (1,226.4 kN per m). The
value of the horizontal earth pressure coefficient K, is computed using Equation 1
in the main text.

F/

X

el 425 7/
f o, dy
1370

' All elevations (el) cited herein are in feet referenced to the National Geodetic Vertical Datum.
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PN

Material Properties for interface Eiements Compr
1.0x10°

where A, is the average relative shear displacement along the interface element.

Table A2
Equations for Interface Model
the center of the interface element is given by

Interface

1

e denominator, designa

1
11

Poisson's ratio. This nominal Poisson's ratio U, used in SOILSTRUCT-ALPHA

One of the material parameters assigned to the soil is the value for the nominal

differs from the traditional strength of materials definition of Poisson's ratio v.

The complete derivation of v, and its corresponding value of v is given in

Appendix C of Ebeling and Pace (1997). Using the relationship

(Al)

v

[74

(1- sin)(1- K) [

(1-sinp)(1-K))

1+ (l~2vwm)|1—RF

1= (1-2v,,)

A5
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0.51, and v,,,, = 0.025 results in v equal to 0.30. SL is

computed using SOILSTRUCT-ALPHA to be 0.51, on average, for the 22 soil

elements of Figure Al.

, a builk modulus formulation was deveioped by Duncan and his

T

cagues for use in

with Rz = 0.7, SL

~~11
colu



Annendix B

Comparison of SOILSTRUCT-
ALPHA Results After
Backfilling to Elevation 425 and
Partial Submergence of Backfill
to Elevation 395 for Two
interface Shear Stifiness
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During postconstruction, partial submergence of the backfill to elevation
(e}) 395" (identified as load cases 25 through 38 in Table 1 (see main text)), me
buoyancy forces act upward, unloading the backfiil. This resuits in a reversal in
the dlrectxon of me appllcd snear stress increment or, cqulvalcnuy. unloadi
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thh the nnmarv" hvnerbohc loadlng curve is followed during pamal
submergence of the backfill to el 395. That is, the “shear softening” 1
maintained during unloading (i.e., the term Ry is maintained at its Table 5 (in
main report) value for all interface regions). This soft unload interface model is
illustrated in Figure B1b.

' All elevations (el) cited herein are in feet referenced to the Nationai Geodetic Vertical Datum.
* References cited in this appendix are listed in the References at th he end of main text.
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Figures B2 and B3 show the resulting effective normal and shear stress
distributions along the RCC lock-to-limestone interface after backfiliing to el 425
and partial submergence of the backfill to el 395 (load case 38) for the “stiff” and
“soft” interface shear-stiffness-versus-relative-shear-displacement models used
during unloading (load cases 25 through 38). Both effective normal and shear
stress distributions are nonlinear. As anticipated, the greatest values of stress are
computed below the toe of the new RCC lock (x = 0 ft (m)) because the greatest
concrete mass is concentrated above this region and because of the overturning

moment about the toe resulting from the 55 ft (16.76 m) of backfill. The effective
al cetrace halnawus tha haal Af 'hp nAew 1?{‘(‘ ‘nf‘l( fY - A7 Ft (14 12 m\\ 18 Pr\nsﬂ

to 0 psf (kPa) and 307 psf (14.7 kPa) for the stiff and soft mterface models used
during unloading, respectively. Full base area contact is maintained in both
analyses.

Table B1 summarizes the results of calculations made to determine the
resultant horizontal effective force F, and horizontal earth pressure coefficient K,
at section A-A. The resultant horizontal effective force of the Figure 14 (see main
text) distribution of o', F,, is equal to 79,102 1b per ft run of wall (1,154.4 kN
per m) and acts at el 390.99 (= 0.38H,,.s) along section A-A when a stiff
interface shear stiffness model is used. The corresponding value for the
horizontal earth pressure coefficient K, is 0.459 (Figure 17 in main text). The
resultant horizontal effective force of the distribution of @', (not shown) is made
for the analysis using a soft interface shear stiffness model during unloading and
F,, is computed equal to 77,490 Ib per ft run of wall (1,130.9 kN per m) and acts
at el 391.15 (= 0.38H,,.q) along section A-A. The corresponding value for the
horizontal earth pressure coefficient K, is 0.45. The results from these two
SOILSTRUCT-ALPHA analyses show that effect of the type of interface shear
stiffness model used during partial submergence or, equivalently, unioading, of
the backfill to be minor in terms of the computed values for F, and K, along
section A-A.

e to determine

Cims a
\wiiklliaily, 1auiv 1111 9
the resultant vertical shear force F, and vertical earth pressure coefficient K, at
section A-A. The resultam vertical shear force of the Figure 15 (see main text)
distribution of t,, , F, , is equal to 6,775 Ib per ft run of wall (98.9 kN per m)
along section A-A when a stiff interface shear stiffness model is used. The
correspondmg, value for the vertical earth pressure coefficient K, is 0.039
(Figure 18 in main text). The resultant vertical shear of the distribution of t,, (not
shown) is made for the analysis using a soft interface shear stiffness model during
unloading, and F, is computed equal to 8,900 Ib per ft run of wall (129.9 kN per
m) along section A-A. The corresponding value for the horizontal earth pressure
coefficient K, is 0.052. The results from these two SOILSTRUCT-ALPHA
analyses show that the effect of the type of interface shear stiffness model used
during partial submergence or, equivalently, unloading, of the backfill impacts
the computed values for F, and K, along section A-A, as anticipated. The soft
interface shear stiffness model overpredicts the values of F, and K, for
section A-A by 31 percent. This error is unconservative since F, is a stabilizing

force.
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Figure B2. Effective normal stress distributions along the base of new RCC lock wall - partial
submergence to el 395 (0.305 m = 1 ft, 47.88 Pa = 1 psf)

Table B2 summarizes the resultant forces and their points of application on
the free body of the new RCC lock wall through which imaginary section(s)
shown in Figure B4 are made. These resultant forces and their points of
application are computed by SOILSTRUCT-ALPHA after backfilling to el 425
and after partial submergence of the backfill to el 395 (load case 38). The
Tabie B2 resuits show that the shear force F, along the back of the new RCC lock

wall is increased by 4.9 percent with the use of the soft interface shear stiffness
model during unloading (ioad cases 25 mrougn 38 ) The downdrag force Fis a
stabilizing force, acting in the direction of the heel of the waii. More
importantly, greater effective normal siresses are compuied beiow the heei of the
new RCC lock when the soft interface shear stiffness model is used during
unloading (refer to Figure B2)

Appendix B Comparison of SOILSTRUCT-ALPHA Resuilts



Shear Stress (psf)

3000 , | |
| i i
\ "Stiff' interface
| During
20U BN ,—— Submergence
\\
AN /
2000 {— NS Va
< /
\\N /,'l
1500 [— / —
"Soft" Interface /
During /
Submergence e
1000 — —]
500 — —_
0
0 10 20 30 40 47
Distance from toe of new RCC Lock Wall (ft)

Figure B3. Shear stress distributions along base of new RCC lock wall - partial
submergence to el 395 (0.305 m = 1 ft, 47.88 Pa = 1 psf)

Table B1

Summary of SOILSTRUCT-ALPHA Results Along Section A-A for
“Soft” and “Stiff” Interface Shear Stiffnesses During Partiai
Submergence of Backfill to El 395 (Load Case 38) (14.594 N

per m = 1 ib per ft run of waii)

—

Eftective ,
k_, During Overburden, Ib per F,', Ib per ft F,, Ib per ft
Unloading ft run of wall run of wall run of wall K, K,
*stiff” with R, = 0 172,325 79,102 6,775 0.459 0.038
“soft” hyperbolic )
primary curve 172,325 77,490 8,800 0.450 0.052
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Table B2
Summary of SOILSTRUCT-ALPHA Results After Submergence to El 395 (Load Case
38) for "Soft" and "Stiff" Interface Shear Stiffnesses During Partial Submergence of
Backfill (14.594 N per m = 1 Ib per ft run of wall, 0.305 m = 1 ft)
Resuitant Normai and Shear Forces
F.. Ib per
k., During F., Ib per ft ft run of B mobs
Unloading run of wall wall leny ft leo/ L deg T,Ib N, Ib Xy, ft X»/B
*Siifi* with R, = 0 55,404 128,436 2332 | 0.36 23.33 93,820 | 347,902 | 16.18 | 0.34
“Soft" Hyperbolic
Primary Curve 58,098 128,348 23.17 | 0.36 24.35 92,298 | 350,127 | 16.44 | 0.35
Resultant Water Pressure Forces
U'rom:
Ib per Upeers Ib
Upeeo, ib per it run per ft
ft run of Kiwane of run of

Load Case wall Ximases ft B wall Rugonts ft wall lupecks ft

5,272
38 £6,435 25.97 0.55 8 433 23,113 | 9.88
Note
where B=471ft, | =65.19ft, and tan ( 6moc ) = 5

Fa
The values Qf stress level, Sl , computed within the interface elements change
with the subm e of the backﬂll. Dunng the postconstructlon, partial

submergence of the backﬁll to el 395, the buoyancy forces act upward unloading
the backfill. This results in a reversal in the direction of the applied shear stress
increment or, equivalently, unloading of the 22 new RCC lock-to-backfill
interface elements. This is accompanied by a reduction in the effective stresses
normal to the back of the lock wall within those interface elements located below
the water table (el 395). At the end of backfilling to el 425 (load case 24), the
average value of stress level SL, for the interface elements equals 0.70. After
partial submergence of the backfill to el 395 (load case 38), the results of the
SOILSTRUCT-ALPHA interaction analysis using the stiffer inter-face model
during unloading (Figure Bla) shows that the average reduction in stress level Si;
for the interface elements is 8.6 percent (ranging from zero to a 23-perccnt

I'CGUC[IOII) Lnangcs in both shear and normal effective stresses d rmg

PR P U |

suomergence account for the reduction in vaiues of the siress levels SL; for the 22

ll'l[Cl'I ace cwmcms

B
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